Introduction
Zinc sulfide (ZnS) is a very important material for visible luminescent devices, since this compound can yield excel lent luminescence in almost the whole visible range with suitable dopants.1) ZnS doped with Cu and Al (ZnS Cu,Al) 2) has introduced as an attractive green phosphor for field emission displays, and its luminescence properties have generated large research efforts.2)-4)
Luminescence properties of ZnS were found closely cor related with its structure and crystallinity.4) However, the real structure of ZnS is complicated due to a variety of poly morphic modifications. Although the principal structure of ZnS e Cu,AI is cubic zincblende, crystals encountered in practice are usually non ideal and contain defects or imper fections, including vacancies, stacking faults, surface inhomogeneities.5).6) Consequently, there is a great interest in these microstructures, the understanding of which can help improve the material and device quality.
Raman scattering is an important tool for characterization of materials properties as it provides useful information on impurity, grain size, crystal symmetry. However, one factor that limits the application of Raman spectroscopy in the study of these visible luminescent materials is interference with their luminescence.7) When excited with standard visi ble lasers such as 488 and 514.5-nm lines, a strong lumines cence often obscures Raman signals. Thus, the need for the use of near-infrared (NIR) excitation arises because the smaller photon energy of NIR lasers may not be excited to the electronic state from which the luminescence occurs.
In this study we utilize NIR Raman spectroscopy for characterization of visible luminescent ZnS: Cu, Al phos phor. We show that the selection of the NIR laser allows identification of phonon features of ZnS a Cu, Al. Moreover, by comparing spectra of samples with different lumines cence efficiencies, we found that even a small amount of crystal imperfection, including coexistence of hexagonal domains, can lead to a reduction of luminescence intensity. 2 . Figure 1 shows the Raman spectra of a ZnS m Cu,Al sample (Sample A) measured with 488-, 514.5-, 647.1 and 752,5-nm excitations. Figures 1(a) and 1(b) are plotted as a function of wavelength and Stokes-Raman shift, respec tively. Each figure displays raw spectra with no offset; any background is therefore due to luminescence of the sample. With the 488 and 514.5-nm excitations the spectra contain a strong luminescence as a dominant feature, while phonon features are not clear. With the 647.1 and 752.5-nm excita tions, on the contrary, we observed clear phonon features. This is because these excitations shift the wavelengths of Raman scattering away from the luminescence peak to higher wavelength position [as it is illustrated in Fig. 1(a) ]. We should now remind that Raman spectrum with the NIR excitation is much weaker compared to those using visible or red excitations. This is due to the fact that the Ra man intensity is proportional to the fourth power of the laser frequency as well as the sensitivity of the CCD detector is much lower in the NIR region. Nevertheless, in the present case, the requirement of suppressing luminescence clearly overweighs these drawbacks of the NIR Raman spec troscopy.
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Results and discussion
We thus suggest that the NIR Raman spec troscopy provides a satisfactory tool for characterization of ZnS: Cu, Al free from its luminescence. In contrast to the XRD data, the Raman spectra of the low luminescence samples are clearly distinct from the high lu minescence ones. The spectra for high luminescence sam ples (Samples A and B) clearly reveal one strong LO mode at 350cm-1, reflecting high crystalline phase with cubic symmetry. Although XRD measurements showed the low luminescence sample (Samples C and D) to be predomina tely of cubic symmetry, the observed phonon features become much broad and less intense, most notably for the LO mode at 340cm-1. More interestingly, there seems to be a clear trend between the LO mode intensity and the lu minescence efficiency. As shown in Fig. 2 inset the lumines cence efficiency almost linearly scales with the LO mode in tensity. This trend indicates a close relationship between the local structure and the luminescence efficiency. Another interesting features of the low luminescence samples are the appearance of 300cm-1 mode as well as the evolution of two broad features at 100-220 and 350-400cm-1. These observed changes for the low luminescence samples imply that some kind of disordering is present in the crystal struc ture. 
